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A aovero Inconr.rulty has lonp, axlatoj between the well-known complexity oC 
uneleut Mnya olvillxotlon end the relotively Coeble eeonomio bn.e Which could be 
reconattuctod lot It. Recent field work 1ms Indiented moch more Intensive sub- 
sistenco patterns than had been previously found. However, llmitatious of ar- 
ehaeolopical work liave combined with heavy Jungle covering to restrict samples of 
Information on ancient intensive cultivation patterns. Data from the use of 
, synthetic aperture radar in aerial survey of the southern Haya lowlands suggest 
the presence of very large areas drained by ancient canals for the purpose of 
lutensive cultivation. Prdllmluary ground checks in several very limited areas 
imve coufltmod the existence of canals. Excavations and ground surveys by 
several scholars Imve provided valuable comparative Information. Taken together, 
the new data suggest tlmt Late Classic period Maya civilisation was firmly grounded 
in large-scale and intensive cultivation of swampy sones. 

The Arcliaoologicdl P roblcgm 

The large area of ancient civilisations now known as Hoaoamerlca contains 
the remains of many cultural traditions. Aside from the Maya there are those 
loading to the historleally known Astecs, Zapotocs. Tarascans, Mixtocs. and other 
groups of the 16th century. The sones occupied by these traditions, while large 
enough, are dwarfed when compared to the Maya lowlands. As traditionally defined, 
the area covers some 250,000 km^ (Fig. D- Bnrduse this none la nearly all below 
the 1000-meter contour line, and receives heavy rainfall, exuberant vegetation 
has greatly hampered the use of rapid survey techniques such as aerial photography 
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ami wUU' rani', la»', I'.romul rmonna iHnatu’r, riu'm* ronat ralnl at In turn, havt* llmitoil 
t lu' pt’rapiH't Ivi’a at Maya ari’l>ai'olo}\lat a on ri'i\ Iona 1 lam ami »llvoralty within 
lUaaalr |u>rUul r Iv 1 1 U'.at Ion. Imloiul, ovon t ho alaoa ami rollahUlty ol aamploa 
ol am* U'jU oltloa aro anapo<-'t . At t ho proaont , ovor 100 oontora with tormal 
arohltootnro an* known, ranf.lni', In aliio I rom ono pavoil oonrtyarO with at tomlant 
hnUillnna to t ho larpoat known alto, Tlkal, whioh haa tho oqnivalont ot HS 
oonrtyarda ami lunulroOa ol aaaoolatoU hurtainpa 0). Tho moat oomplos of t hoao 
oontora oonialn lomploa, pa'aooa, ulmlnlat rat Ivo homlquartota, fortif ioat Iona, 
aonlptnroil monumonta with wrlttoi, toxtsi, ami larp.o-aoalo roaorvoira. Thoao urban 
oharaotorlat loa woro fully dovolonod by A.O. 2M) If not boforo. Many oontora 
aro intornally and oxtornally Unkod by ralaod roads. Survoys! of tho oountrysldo 
avound t hoao funot tonal olt loa havo dovolopod ovldo.no.o for larpo numbora of 
poopio, rani’lnp, up io OOO pooplo por a<pmro kllomotor In tho moat donaoly popu- 
latod iumoa U). Thoao douaitloa woro oortalnly roaohod by A.D. oOO and poihapa 
tux oarly aa A.l). 100 In aomo roj'tona. 

A j'onoratlon apo, tho majority of arohaooloplat a thought that tho support 
of Maya population win a alaah-and-burn ayatom of aprloulturo similar to that 
praotlood today by tho aparao modorn oonmuinltloa 1 0 ♦ I't this oxtonalvo lorm ol 
oultlvatlon, flolda aro burnod, oult Ivatod for throo or four yoara, and thon 
abandonod to a porlod of fallowing last Inp from olp.ht to twonty yoara. In tho 
past twonty yoara, data havo Mu'roaalnply Indloatod ano lout populations ot alr.oa 
far boyomi tho oapaolty ot auoh a ayatom to aiqq>ort. Many arolmoolop.tsta havo 
sup,p,oat od a numbor of modlf loat Iona vx'hloh would holp to oloao tho pap botwoon 
population and aubalatonoo. Kor oxamplo, t’uloaton auppoatod that orohard 
oropplnp of raraon IBroalmurn alloaalrum) may havo boon a atronp aupplomont to or 
suballtuto for malro aa a ataplo food (A). Othor mlxoa ol aubalatonoo ayatoma 
havo also boon brouj’.ht torward. In adillt Ion, ovtdx'uoo ot Intonalvo totma ot 
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fjgtficiulture has heatl found. Extensivo tertaclng of hlUsldes in the Rio Bep 
region, combined with field walls, had led Turner to conclude that the Maya in 
that region wore entirely supported by intensive systems of agriculture by A.D. 

600 and possibly earlier (5). Siemens and Puleston first found canals in the 
Candelaria Basin, and later in the Hondo River valley of northern Belize. 
Harrison's, Turner's, and Siemens' work has indicated that the extensive Swamps 
of the Maya lowlands may also have teen cultivated by means of canal drainage 
and raised fields (6). These data have been gathered mainly by aerial survey, 
although fields and canals have also been ground surveyed and excavated. However, 
the idea that the Maya were cultivating the vast swamps which constitute up to 
40 percent of the land surface in some zones has been resisted by many. Puleston 
has argued that the aerially detected grid patterns are the result of soil 
expansion and contraction cycles which create patterns known as gilgai. Both 
Sanders and Puleston have also arguea that aerial survey is not convincing 
evidence of the extent of ancient swamp drainage in the Maya lowlands, because 
the patterns can be the result of other, natural processes (7). Thus, while 
not denying tliat intensive cultivation based on drainage and raising of fields 
was practiced in certain zones, Sanders, Puleston, and others have remained 
unconvinced that such a system was in widespread use. 

The theoretical Implications are significant and complex. Briefly, they 
revolve around arguments as to the nature of Maya urbanism, the complexity and 
sophistication of Late Classic political systems, and the processes which led the 
civilization to its final disastrous collapse about A.D. 900. For example, the 
systemic model of the Maya collapse developed by the 1970 Santa Fd conference 
assumed a higher population than could be sustained on the basis of slash-and- 
burn agriculture, without a great deal of data indicating the intensive means by 
which they were sustained (8). Similarly, there was an assumption of a high 
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Uo.Ri-aa cif poUticnl Htiphlut U’ntlcm baHinl on tlio numborn of pooplo Involvod unU 
dit tlU'. roaUrtporlal akIllH nooUi’d by inttMiulvo mdiHlatonco nyatomH. Suppoi'tinp, 
data havo bean fort boom Inn, but wore tUo iuLorprotat JoitH of thoao data to bo 
rofutod, then p.ravc doubt would bo cant upon tlto cultural procoHHOH roconatructod 
by the oollapao model. 

It wa« with the Idea of improving botli the quality and ciuantlty of the mirvey 
data for the Maya lowlands that we boRan casting, about for a remote sensing 
technique that would be both rapid and reliable. Airborne, side-looking radar 
was among the techniques suggested to us. Bruce Dahlin contacted Walter k. 

Brown, dr., at dot 1‘ropulsion Laboratories, wlio provided access to such a system. 

Concerning the Imaging Radar 

The National Aeronautics and Space Administration owns and operates an 
imaging radar mounted on a CV-990, which is generally used to evolve spacebornc 
radars, such as the Apollo 17 Lunar Sounder (1971) and the SEASAT synthetic 
aperture radar (1978). The radar was originally designed and developed by the 
Jet Propulsion Laboratory in 1967 primarily as a sensor technique to be used to 
image the surface of Venus, expected sometime in the 1980s. 

In the in^*^tal discussion of the use of radar for archaeology between 
Dahlin and Brown, the emphasis was on a sensor system that would penetrate 
foliage, silt, and root cover to map ancient man-made roads, causeways, and 
other structures. Previous work with this radar did not suggest an encouraging 
result to this experiment. The losses in microwave energy in the presence of 
moisture with high ion content , such us is found in the foliage and limestone 
in the Peten, were expected to be very high. However, wo embarked upon an 
experimental program because the wavelength was larger than usual, 25 cm, and the 
effective peak power, 400 kilowatts, and the geometry such that we could look 


thoua wafi aome cViartce of puccoas, 


altttopt atratRht down aa woU aa off-nrtdlt. 
and the need for ort archaeological aonaor waa great . 


Radar Daacrihtlon 

TUO «dar opdtates In - ransa-otfaat .odo, With a edntat ft«,uanc, of 
Mha. The major paramdtera of tha radar are glvcd In Table 1. The antenna ta 
mounted on the rear baggage door. The elective antenna pattern la a Ian beam 
90 degreea crosa-tr.ck centered at 4.' degreea o£f-nadlr. and 0.0057 degreea 
along-track -entered at 90 degreea ol£ the aircraft heading, looking out to tha 
right aide of the aircraft. To reduce the apeekle effect Inherent In coherent 
monochromatic ayatoma. about tuenty obaervatlona are averaged lor an effective 
along-track angle of 0.11 degreea. or a 70-meter reaolution In the direction 
parallel to the aircraft flight path at 45 degreea off-nedlr. The term 
aaynthetlc aperture" referee to a technl<,ue which allowa the experimenter to nae 
a small antenna with a large angular eeverage to generate a very long aynthetlc 
antenna and narrow the angular coverage by a factor of aeveral thouaand. The 
„rro»er the angular coverage, the better the angular dlacrlmlnatlon. or the 

higher the along-track resolution. 

The range resolution is determined by the bauduidth of the radar system 
and is near 15 meters. At 45 degreea off-nadir, the cross-track reaolution on 
the surface would be about 21 meters. A very good description of the synthetic 
aperture rndar system is given by Jensen et al. (9). 

Data A cquisition 

The dPh. h-bnnd radar is mounted on the OV-990. a four-engine Jet aircraft. 

u Airborne Operations Group. The geometry 

operated by NASA Ames Research Center, Airborn p 

for date acquisition in the area surveyed Is shown In Figure 2. 


Tttb.lo I, Pnrrttn(*,t 0 .rfl 0f Rfldar Iitiaging Syi^totn 


RoUor Paramptciro 


ChaiJactprlflttcfl 


Frcqucmcy 


1225 MH?. 


25 cm 


I’oak Power 
Pulses Width 
Bandwidth 

Antenna Azimuth Beam 

Aiatenna Range Bean 

Recorder Type 

Receiver Gain 

System Bandwidth 

Range Compression Gain 

Azimuth Compression Gain 

Synthetic Aperture Length 

Slant Range Resolution 

Azimuth Resolution (single look) 


4000 watts 


10 ps 
20 ^Uiz 
15 deg. 
90 deg. 
Optical 
80 dB 


10 MHz 


750 m 



Aircraft Parameters (for Mayan Mission) 


Altitude 

Ground Speed (Nominal) 

Time Marker 

Inertial Guidance Accuracy 
Camera Support 


24,000 ft. 
200 m/s 
\m (1 ms) 


100 m 

Black and white 
Infrared 


Auxiliary Data 


Flight logs, 
Ground track 



RIGHT SIDE OF AIRCRAFT 





Thp rndnr vJpwo the Hurfncp from nndlr out to 75 doRroop from the rlRht 
Aide of tho alrcrrtftt or n ownth J7 km wide. The data are recorded on two 
reeorderp covering 0 to 50 dej^reea on one and 50 to 75 def\reea on the other. 

The data were obtained in October .1977, April 1978, and Aunuat 1980, The 
1977 and 1980 fllnhtB wore of abort duration and covorod northern Beline, Tikal, 
and the. Paalon River. The 1978 flighta were a flvo-day sequence and covered 
northcirn lioliKo and virtually all of tho Peten, During this sequence, black- 
and-white air photos and false color IR were also taken. About 20 percent show 
the surface well; the remainder arc degraded by haze and clouds. During 
operations, the coordinates are preset into the navigation system and flight 
conducted at on altitude of 2 ^ 1,000 feet along the preset tracks, even though the 
ground may be completely obscured by eloud cover. 

Data Processing 

All of the radar data were initially recorded optically. The data base is, 
therefore, radar echoes in a range-doppler format and must be correlated to 
produce imagery. The correlation was performed on the optical correlator at JPL 
with a system configured for SEASAT, a spacecraft imaging radar. The delay of 
about a year in processing was the result of a reconfiguration effort for SEASAT. 
The doppler aperture is about 10 to 15 cm long on the film, and the SEASAT 
correlation edn handle about 3 to 5 cm. Therefore, the full azimuth resolution 
was not realized on the data thus far correlated. Full processing is planned 
later this year. A test on the August 1980 data with about 8 cm of the doppler 
history processed is shown in Figure 3, This area shows a region around Tikal, 
the road, and airstrip. The Temple of Inscriptions and other major structures 
can be clearly seen. 
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Figure 3. Synthetic aperture radar imagery of the Tikal zone, Guatemala. 

Heavy, dark horizontal line is the Tikal airstrip. Main ruins 
show as a set of bright dots about 1 inch to the left of the 
end of the airstrip. Scale ca. 1:75000. 
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The tnttlftl intent nf the mlseion was te eeek effects cauaed by atructutea 
hidden benenth the canopy (Dahlin'a main Inteteat) and agriaultural aignaturoa 
(Adama and Ouibert). Bo far, only a very faint indication of tho cauaewaya in 
tha I'iiradoi.’ area have boon identified by Dahiin, and tho offecta of agrleui»'ufai 
activity deacrlbod heroin. 

AnalvalB of the Radar Imagor y 

The. Bonior author has boon rasponaible for th analyaJ.. of tho imagery. 
Positive, print negative films of the radar imagery were examined on a light table 
for indications of arcluioo logical sites and ancient landscape modification. A 
ten-power handglass was used. Light passing through tho imagery was subdued by 
covering it with medium thickness tracing paper. This procedure helped to reduce 
the effects of "speckle," an inherent radar image phenomenon. ta wc. ;v manually 
transcribed onto tracing film with a mapping pen, and the resul- ant r?ays 
compared with several sorts of topographic data. The o ;.ys placed directly 

onto maps of the same scale, and compared with i- Jt more detailed nature, as 
well as with aerial photos of specific sones. 

Archaeological sites show up in two wayst as one or more blips of light, or 
as distinct s.iadows cast by large mounds. Dots of light show only on sites with 
large buildings on which the casings have either survived or been restored. Most 
sites do not have these features. At the present scale of 1:250,000 it is 
difficult to distinguish shadows of large mounds from shadows cast by natural 
hills, in all but the largest sites. These difficulties in site detection seem 
to be mainly a problem of scale of resolution, and tho improved imagery from the 
1980 flight gives hope of more detailed data from future missions. 

It was noted that areas of wet season swamp ( bajo) near known sites often 
had irregular grids of gray lines within them. Upon careful examination, these 



lines were seen te form o multitude of Iddder ond lattice pdtternat aa well aa 
curvilinear patterna. Overlaya of these aonea (e.g,, northern Belize, Pig. 4) 
were compared with overlaya of aerial views of confirmed ancient canal ayatema 
from the Valley of Mexico and the western Maya lowlands (the Candelaria River, 
Fig. 5). Allowing for scale differences, the patterns from radar and aerial 
views are the same. This suggests that at least some of the grid patterns 
produced by the radar arc ancient canals. The scale differences also strongly 
indicate that only the largest and most widely spaced canals are picked up by 
the radar. 

Further pattern analogy which tends to confirm the interpretation is that 
the grid lines in the swamps and along the watercourses have the same visual 
quality as do abandoned stream channels. Moreover, grids are closely associated 
and correlated with the known areas of swamps, edges of lakes and ponds, and 
along watercourses. There is a negative correlation between grids and areas 
of upland, karst landscape, and mountains. Finally, aerial identifications of 
grid and linear patterns within the swamps have been made by Turner, Harrison, 
and Siemens separately, and at widely different points within the areas covered 
by radar imagery. 

Lest the reader conclude that there is an invariable one-to-one relationship 
between the radar imagery, aerial photos, and ground features, let us state that 
there is not. The radar does pick up Individual large canals, as It has done at 
Cerros and near Selbal. Aerial photos show many of the same canals, but in much 
greater detail and with many more of the smaller. Interstitial canals (Fig. 6). 
Ground checks almost always deal with fragments of major canals, and much more 
with the Interstitial canals which are on aerial photos, but rarely on radar 
imagery at this scale of resolution. 
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pattern analogy In not proof , ot nourno. nor have vlonnl and adrlnl photo- 
graphic data convinced all arctacologiatn. Tharctorc. ground chccka have hoed 
carried out hy Adana and Oulbert. together with U, W. bohde. and T. c. areavea. 
other ground conf irmatlonn luive been kindly provided by colleaguca. 

PIVO neparatc nonen In northern belUo (Pig- A and b) .»vc heen ground 
concimed an locatlenn ot ancient ccutls and mined Held syntenn. Contlmotlonn. 
source, and data are su-arlncd In Table 2. It nhould be noted that the live 
cones oC eontlmatlon are oil covered not only by radar Imagery, but also by 
visual and aerial pluitography. In addition to ground ebeeks. Purther. It In 
important to note tlurt the five confirmations have been made by five separate 
groups ot aretaeologlsts. One of the most Important sets of findings Is ttat 
provided by tbe work ot Vernon Scarborough at Cerros (10). At this site, the 
major canal surrounding the site clearly shows up In tbe Imagery. The site also 
contains raised fields, although they do not show In the Imagery because ot the 
scale of resolution. Tbe fields are about 3 meters on a side and the minimum 
object definition obtainable with the present data Is 15 meters. Scarborough s 
gate indicate t,u.t there are a great many other Items recorded by the radar. These 
non-arehaeologleal features Include modern road nets, old logging trails, l^r- 
Hcane beach swales, abandoned Jungle airstrips, river terrace edges, and fault 
ttscs. however. It la significant that none of these or other non-archeeuloglcal 
features show tbe characteristic grid, ladder, or lattice patterns associated with 
gnown canal areas. Besides canals aol large mounds ns already noted, the edges of 
extensive paved surfaces are detectable. Overlays produced from the Imagery must 
ge fl.tercd by pattern analysis after all data are token frem the negative Images, 
analysis of twenty overlays thus far Indicates that between 20 and AO percent of 
tbe lines Icve tbe required pattern ebsracter Istlcs and therefore are probable 

canalB. 
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Table 2. Summary of (irourtd Check Conf irrontlona in Northern Belize 



Zone 

Maj or 
Site 

Coverage^ 

Source 

1. 

Gerroa peninsula 

Cerroa 

Ra/AP/GC/RC 

Fricdel, Scarborough, 
personal communication 

2. 

Pulltrouser Swamp 

None 

Rn/AP/GC/RC 

Harrison, Turner, 
personal communication 

3. 

Nolunul 

Nolunul 

Ra/AP/GG 

Hammond 1973 

4. 

San Antonio 

None 

Ra/AP/GC/EC 

Siemens & Puleston 

5. 

San Roman 

None 

Ra/AP/GC 

Adams & Greaves 


Note 1. Abbreviations for types of coverage: 

Ra, radar; AP, aerial photography; CC, ground check; EC, excavation 
confirmation. 


Harrison and Turner’s work at Pulltrouser Swamp Is particularly important 
because it is the first extensive excavation of raised fields carried out in a 
lowland swamp, demonstrating that the canals are Indeed artificial, ancient, 
and associated with raised field agriculture. These canals and fields show up 
in the radar imagery as well as in aerial photos, with the caveats on detail as 
noted before. In other words, as in all cases, the radar gives a gross idea of 
the presence of canals and fields, but at present, not a great deal of detail. 

Swamp zones along the present stream beds, such as the San Roman swamp on 
the Rio Hondo, ate annually flushed by floods. No cultural remains are likely to 
be found in such cases, and only pattern analogy with excavated swamp and lake- 
side fields can indicate the former function of grids in such circumstances. 

Adams and Greaves found only regular islands of swamp grass with the wotcr grids 
at San Roman (Fig. 6). 

Hammond, in 1973, found canals and raised fields near Nohmul. Puleston and 
Siemens also found the same at San Antonio on the Rio Hondo. 
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The data frem northern BeXtae are thua convincing and atrong In their con” 
flrmatlon of the Interprotatlen advanced herein. The data from the Guatemal.an 
Peten aone are less satisfactory. | 

j 

Three Peten zones were ground checked In February-March 1980 by Adams, 

Culbert, and Lende. These results are summarized in Table 3, One zone is on , 

the south edge of Lake Petexbatun and associated with the major site of Aguatcca. | 

J 

The swamp 'hows some regularity of water channel patterns both from water level ] 

and from low-level flight. However, no cultural material was found. 

The zone north of the Pasion River in the vicinity of the site of Seibal 
was also explored. The Arroyo Cantemo, evidently a major canal, was explored by | 

dugout canoe. Tributaries, which are long and linear and enter the Arroyo Cantemo 
at right angles, were noted from the canoe, from low-level aerial observation and 
photos, and from high-level photos. No cultural material was found during the 
brief ground exploration. The third zone examined in the Peten was around the 
very large center of Tlkal (Fig. 3). Swamps gird this center and the edge of 
the Bajo de Santa Fe to the east was briefly examined by Adams and Lende, who 
found what is apparently a raised field, and some apparent canals. The raised 
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Table 3. Summary of Ground Check Confirmations in the Peten. Guatpmfllfl 


Zone 

Major 

Site 

Coverage^ 


Source 


1. South Petexbatun 
Swamp 

Aquateca 

Ra/AP/GC 

Adams, 

Culbert, 

Lende 

2. Great Bend, 
Pasion River 

Seibal 

Ra/AP/GC 

Adams , 

Culbert , 

Lende 

3. Bajo dc Santa Fc 

Tlkal 

Ra/AP/GC 

Adams , 

Lende 


Note 1. Abbreviations 

for typos of 

coverage: 





Ra, radar; AP, aerial photography; GC, ground check. 
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fic>.ld Ifl appruxltntitply 30 nu’tPt'H wiclp, 2 mutprn inorc thtin KK) mt'tPFH 

Xdn^» Tlu' apparent canalH are heavily ohacuriHl by vei^etat lob. A poHnihle canal 
wan flpcn about 12 kll.onictcrH north of tho center of Ttkal on the trail to Uaxactun, 
Thia la probably part of the. northern "fortification" ditch (U). Our panchro- 
matic coverap,e of the Ba.)o do Santa Fe near Tlkal ntul in the Selbal none ahowa 
the preHonce of n^id patterna identical to thoae. found in the northeta Bellxe 
zonea . 

The. lack of better resultvS in the Peten zones compared to those from Belize 
is due to two related factors: the much denser and higher forest cover in the 
Peten, and the relatively small scale of resolution in the radar imagery. How- 
ever, low-level flights over rush and sedge swamps in a zone of the Peten between 
the Rio de la Paslon and Laguna Mendoza show definite grid patterns and lines 
within those swamps. Figure 1 illustrates the distribution of radar-detected 
canals thus far found in the southern Maya lowlands. 

To summarize, we have produced confirmation by aerial photography, visual 
reconnaissance, and ground checks of the existence of ancient canal systems in 
five zones in northern Belize, and less certainly, in three zones in the Peten 
of Guatemala where they were iitdicated by the radar survey. Those confirmations 
amount to pinpoint checks when compared to the total amount of area covered by 
radar imagery. However, with the technique proved valid, the question becomes 
one not of the widespread existence of canals, but of their total extent. Radar 
imagery gives us preliminary and tentative estimates of that dimension. Although 
further analysis and new imagery with higher resolution are needed, the data now 
in liand allow us to set the probable minimum and maximum extents of Late Classic 


canal systems. 


App Uc.atlonfl of the New Data 

The totnl area of the Department of Pett>n Irt Guntdmolo in approximately 
36, .>00 km , nearly all of which waa covered by radar survey. Another 670 km^ 
was covered in northern Bellse, for a rounded up total of approximately '17,000 
km*^. Approximately 8,000 km^ of the Peten is estimated to be periodic swamp. 
Another 6,000 km“ of land needs drainaRo. for URricultural purposes (12). This 
total of l/i,000 km“ represents the outside theoretical limit of canal-drained 
land in the surveyed area. Since human systems rarely comprehend the totality 
of the natural pheonomenon with which they deal, it is reasonable to suppose timt 
the actual maximum was less than the theoretical figure. Judging by the radar 
imagery, nearly all sv*mps, watercourse edges, and surrmmds of lakes and ponds 
in the. Peten have been modified by drainage canals, except, possibly, in the 
northwestern sector. Omitting this sene (ca. 1,575 km') from the calculation 
leaves a theoretical maximum of 12,425 km^ The Bajos de Santa Fe, Asucar, and 
Maquina in the area east, north and south of Tikal show the greatest density of 
canals. Another major xone is that which is Just east of the Sierra de Lacandon, 
running from the PasJ a River north to the Pantana Peje Lagarto. Assuming that 
only 20 percent of the radar-detected lines are actual canals, based on the Cerros 
assessment, then an adjusted maximum of 2,475 km" is reached. This adjusted 
figure is based on the total area that would require drainage for agriculture. 
Estimation of the minimum area requires using only the swampy aones as a calcu- 
lation base (8,000 km ), and yields a figure of 1,285 km^ (8,000 - 1,575 x .20). 

In spite of the apparently drastic reduction of the figures, both are very large 
ior pro- industrial irrigation or drainage enterprises. For comparison one must 
look to the well-ktiown Aatec. cli_ inampa system, which covered only 120 km". However, 
the population esthnatos for the Valley of Mexico are much lower than those for 
the Maya lowlands, 1.5 million, and areal extent (7,833 km") only a little over 
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XO iHTctmt of tho Houtluirn Mny« XuwXondR (75,000 km^) (13), Thonifort\ thoro 
aro proportional ami corrnlati’d differoncon In rIkoh of total aroa avallnhlf, 
total aroa Intonalvoly farmod, and total population nuRtalnod, Wo aHHumo lioro 
that moHt of tlu* dralnod flold aro/m woro In HlmultanoOua uao In tito hate 
ClaHHlc (A, I), 600”900) , tho period of demonatratod maximum populatlonH. Thin 
asHumptlon could bo. In error laokinj ‘xtenHlvo excavation data. 

The new radar data provide new pernpoctlvea on Maya civlllnatlon in neveral 
wayH. First, there in tho poHsibllity that the southern lowland Classic Maya 
were the largest-scale users of intensive cultivation systems in Mesoamerica. 
Second, problems of locational analysis become simpler when applied to Maya 
centers. Swamps are recognized us assets instead of waste land; Indeed, perhaps 
the most productive land available. Modern experimental plots In lowland Veracruz 
have produced data on the productivity of such systems in tropical forest en- 
viromnents. It is estimated that a hectare of land cultivated by the raised 
field and ditch system will support a minimum of ten persons (14). This means 
tliat the locations of the largest sites such as Tikal, on the edges of the largest 
swamps, can be explained as the result of successful exploitation of a nearby 
rich resource. Third, the economic basis for Maya civilization, and specifically 
for the great numbers of people implied by settlement pattern surveys, becomes 
more convincing and coherent in its structure. Fourth, canals through shallow 
lakes and swamps could have provided means of transport for bulk commodities. 

This combined function of water control and transportation route is well known 
for the traditional canal systems of Southeast Asia, as well us for the historical 
Aztecs, Such a facility to transport would aid in exploining the support for 
the masses of people in the pre- industrial cities of the Maya; 50,000 at Tikal 
alone (15), Additionally, but not exhaustively, the use of an intensive sophisti- 
cated system of agriculture which required considerable management may also 
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explain at leaat part of the vulnerability to the ayatemic collapao that the Maya 
aufferad about A.D, 900, 

we recognisee the present work to be pteliminary, although provocative. The im» 
agery represents a large-scale dimension of ancient land use that has not been avail- 
able before. As such, it also presents us with problems of full validation. The 
immense area covered means that it will bo some time before an adequate ground check 
can be made of all the canal areas indicated. Further, although there has been some 
excavation of raised fields in Belize and in the Candelaria zone, a great deal more 
digging is needed (3,6). Only excavation can produce more precise estimates of the 
total areas of raised field growing surfaces in any given period. Excavated data 
are also needed on population within the raised field zones, as well as detailed 
information on water and land management techniques. Excavation at hamlets associ- 
ated with raised field zones would throw light on such matters as stone technology, 
food crops, and developmental trajectories of the canal systems. 

Finally, the new information allows the possibility of more effective land use 
planning by the modern governments of Guatemala, Belize, and Mexico. These nations 
are using the Maya lowlands as their last frontiers and their people are moving into 
the zones in great numbers in both planned and unplanned agricultural colonies. Yet, 
there is no long-term historical experience to consult in regard to permanent, in- 
tensive agriculture in these tropical forest areas. Now radar technology and archae- 
ology may combine to provide at least s.nme of the data needed for rational land use 
plans, as >;ell as avoidance of some of the mistakes and disasters of the past. 

Rt E» W, Adams 

Churchill College, Cambridge University 

W. E. Brown, Jr. 

Jet Propulsion Laboratory 


T. P. Culbert 
University of Arizona 


and Not-o^5 


1. R. E. W. Adamn, in Ma ya L owl and Ectl-ljmant Pa t Unma. W. Anlwiora, Ed# (Nt'w 
Mexico, Albuquorquo, 1981), pp, HXX~XXX« 

2. 0. E, PuloHton, in McHO-Ai nct'ican Archacolo^ ^y t New Approaclica, N. Uamniond, 

Ed. (UnlvorHlty of Toxaa ProHH, Auatln, 1974), pp. 303-3U, 

3. P. 1). lUii’i'inon and B. I.. Tumor, I I, Kdn., P.rol}A*iPil'li‘\ ^Now 

Mexico, Albuquerque, I97b) . 

4. D. E. Pule 8 ton, BroHi mum allcoBtfu p; aa a SubolBlence Alternative for the 
Clasalc Maya of the Central Southern bowlandu (M.A, thesis, Anthropology, 
University of Pennsylvania, Philadelphia, 1968). 

5. B. L. Turner, 11, Sc ie noe , 185, pp. 118-124 (1974). 

6. A. U. Siemens and D. E. Puleston, Am, Antlq ., 37 , pp. 228-239; P. D. 

Harrison and B. L. Turner, 11, Eds., Prehlspanle Maya Agriculture (New 
Mexico, Albuquerque, 1978); A. H. Siemens, in Harrison and Turner, pp. 117-143. 

7. D. E. Puleston, in Prchlspanic Maya Aericulture , P. D. Harrison and B. L. 
Turner, 11, Eds. (New Mexico, Albuquerque, 1978), pp. 225-245; W. i. Sanders, 
Rev, in Anthro ., 1979, pp. 493-506. 

8. G. R. Willey and D. B. Shimkin, in The Classic Maya Collapse , T. P, Culbert, 

Ed. (New Mexico, Albuquerque, 1973), pp. 457-501. 

9. H. Jensen, L. C. Grahon, L. J. Porcello and E. N. Leith, Sc lent if to American , 
Oct. 1977, pp. 84-95. 

10. D. A. Eteidel and V. Scarborough, in The History and Development of Maya Sub- 
sistence (Minneapolis, Minnesota), in press; V. Scarborough, pers. com., 1979. 

11. D. E. Puleston and D. W. Callendar, Jr., Expedition , pp. 40-48. 

12. W. T. Sunders, In The Origins of Maya Civilixatlon , R. E. W. Adorns, Ed. (New 
Mexico, Albuquerque, 1977), pp. 287-297. 


23 


3.3, P, ArmiUna, 8c toned , 174 . pp, 653«6ul} R, E, W, Adorns, Prohlstortc Mosoomorlca 


(l.tttlo, Brmm, Boston, 1977), p. 26, 

3.4, Arturo Gornof. Pompo ond R, VonoRos, et ol,, Estudto oeologteo dd In vdgton do 
Bnlnnenn-’Tononiquo: Un Chtnnmpn Troptcnl, Infcirmos dol 3nsti.tt>to do Tnvost, 

H obru RouurHOH B.l«tjtrj)n . Xnlnpn, Vor, (1976), 

15, W. A, llavllond, Wo rltl Archnoo , . 2, pp, 186-197. 

16, Acknowlodgem'nts. This report roprcuonta the resulto of one phase of research 
curried out at the Jot Propulsion Laboratory, Ca.llfornln Institute of Technology, 
under Contract NAS 7-100, sponsored by the National Aeronautics and Space Ad- 
minlstratl(in. We thunk NASA, JPL, Clnirchill College of Cambridge University, 
England, and the Lende Foundation of Sun Antonio for their support. The 
governments of Guatemala and Belize gave botl» support and permission. We also 
thunk Nelson Milder and the Technology Transfer Office of NASA, Louis Uaughney 
and the flight support crew, Frederick Drlnkwater and the flight crew of the 
NASA CV-990 of Ames, Ttiomas Plcknell and Thomas Andersen and the data reduction 
team. Col, Rene Aguiluz and Sr. Raul Lee of the Institute Nacional Geograflco de 
Guatemala, Sra. Vivian Broman de Morales, Lie. Francis Polo, Vernon Scarborough, 
Thomas R. Hester, Norman Hammond, B. L, Turner, II, David Freidel, Edmundo 
Solis, Col. Thomas Kelly, Harriot Topsey, Mark Gutchen, Belize Sugar Industries, 
and many others who aided our work. 


Adams, Brown, and Culbert 


PiAWPO Lagonds. 

1. Map of tho Maya lowJands showing drained field sonen detected by radar in ro= 
lotion to known Maya cities of the southern and Intermediate areas. 

2. Radar acquisition ^oomotry. 

3. Synthetic aperture radar imagery of the Tikal zone, Ouatemola. Heavy, dark 
horizontal line is the Tikal airstrip. Main ruins show as a sot of bright dots 
about 1 inch to the left of the end of the airstrip. Scale ca. 1:75000. 

4. Overlay of northern Belize transcribed from radar imagery showing lattice 
structutc of cdnal lilies, and the five zones of ground confirmation* 

5. Overlay of a low level oblique aerial photo showing confirmed ancient canal 
patterns in the Candelaria River zone of the Maya lowlands. Scale ca. 

1 : 1000 . 

6. Aerial photo of the San Roman swamp zone of northern Belize along the Rio Hondo. 
Ancient raised fields and canals are visible as cellular patterns in lower 
right center. Scale ca. 1:2000. (Courtesy Belize Sugar Industries.) 
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